Introduction
Ultrasonographic scan is a significant component of antenatal care and fetal biometric measurements are the inseparable part of daily practice in modern obstetrics. [1, 2] Fetal biometry is the measurement of various areas of fetus and fetal anatomy. Each area of fetal structure can be imaged, but fetal head, abdomen and femur measurements are the most common measurements like crownrump length measurement during first trimester. [3] The reliability of fetal biometric data for the estimation of fetal gestational age has been shown in the previous studies. [4] [5] [6] [7] Gottlieb and Galan argued that the combination of fetal biometric data could increase the precision of fetal gestational age estimation and could decrease measurement variability among fetuses. [8] In our study, we aimed to determine reference ranges and establish nomograms for transverse fetal neck circumference and area in Turkish population.
Methods
A total of 696 women, whose pregnancies were confirmed by the weeks of gestation, last menstrual period and early ultrasonography scan performed in the first Sonuç: Bu çal›flma bize gebeli¤in ikinci ve üçüncü üç ay› için FBÇ ve FBA aç›s›ndan Türk popülasyonunda nomogram oluflturulmas›n› sa¤lam›flt›r. Biz bu ölçümlerin gestasyonel haftan›n tayininde önemli bir prediktör olabilece¤ini düflünmekteyiz.
trimester and whose fetuses were between 14 and 40 weeks of gestation and had no anomaly, included in this prospective study. Multiple pregnancies, fetuses with anomaly and pregnancies found to have growth retardation were excluded from the study. Biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC), femur length (FL) and humerus length (HL) were measured while axial fetal neck circumference (FNC) and fetal neck area (FNA) were measured three times. For each week of gestation (WG), 5th, 50th and 95th percentiles and standard deviation (SD) were calculated. FNC and FNA were measured with the technique defined by Sherer et al. [9] in 2007 ( Fig. 1) . In this technique, fetal neck circumference and area are calculated on a plane where fetal neck is the widest and fetal neck is on the right angle towards cervical spines during transverse ultrasonographic scan. In our study, all measurements were done by the same operator (MEA) by using Voluson E6 ultrasound device (GE Healthcare, Little Chalfont, UK). The analysis of the data was done by the software SPSS 18.0 (SPSS Inc., Chicago, IL, USA). The reference value formulas, tables and graphics for FNC and FNA were created according to the method recommended by Royston and Wright. [10] 
Results
For 696 pregnant women who met inclusion criteria, the mean age was 28.21±5.18 (range: 19 to 40) years, median gravida was 3 (range: 1 to 10), and median parity was 1 (range: 0 to 9). FNC was correlated with gestational age. The equation FNC= -0.0012WG2 + 0.312WG -1.9248 (R 2 = 0.8403; p<0.01) was obtained in the polynomial regression analysis (Fig. 2) . The 5th, 50th and 95th percentiles and SD for FNC values measured for each week of gestation are shown in Table 1 .
FNA was also correlated with gestational age and the equation FNA= 0.017WG2 -0.073WG (R 2 =0.8; p<0.01) was obtained in the polynomial regression analysis (Fig. 3) . The 5th, 50th and 95th percentiles and SD for FNA values measured for each week of gestation are shown in Table 2 .
All FNC and FNA measurements were performed by the same operator. The intraclass correlation coefficient was 0.91 (p<0.01) for FNC and 0.89 (p<0.01) for FNA. These values showed that the reproducibility of FNC and FNA measurements was high.
Discussion
The congenital anomalies related with fetal neck and fetal nape include the anomalies related with fetal aneuploidies [increased nuchal translucency (NT), cystic hygroma, increased nuchal fold (NF)], [11] primary structural anomalies (laryngeal cyst/stenosis, atresia, proximal esophageal atresia and bronchogenic cysts), [12, 13] functional anomalies (goiter), [14] presence of embryological remnants (thyroglossal duct cysts and branchial cleft cysts), [15, 16] benign tumors (such as lymphangioma, [17] hemangioma, [18] hemangiopericytoma [19] and teratoma, [20] ) malign tumors (neuroblastoma [21] and rhabdomyoma [22] ), and many syndromes (Escobar syndrome, Yunis-Varon syndrome, Schinzel-Gledion syndrome [23] ). Therefore, this area always has been an important area for the examination of fetal anatomy since the first trimester.
Moreover, evaluating many parameters to calculate gestational age will increase the reliability rather than evaluating a single sonographic parameter. [24, 25] The high correlation between the week of gestation and FNC and FNA measurements was shown in the studies of Hata et al. in 1988 , Sherer et al. in 2007 and Abonyi et al. in 2017 . [9, 26, 27] In our study, FNC increased from 4.91±0.72 at 14 weeks of gestation to 17.52±2.11 at 40 weeks of gestation. FNA also increased from 1.86±0.74 at 14 weeks of gestation to 25.16±5.66 at 40 weeks of gestation.
Like Sherer et al. [9] who conducted their studies on 720 pregnant women and successfully measured FNC and FNA values in each case, we also managed to measure FNC and FNA values in all 696 pregnant women who matched inclusion criteria. Hata et al. [26] published these measurements in their study in 1988 and these measurements have become simpler with today's technology. In the literature, the interjudge reliability was evaluated only in the study of Abonyi et al. [27] and the authors found a weak conformity among the operators. By now, there are three studies conducted with FNC and FNA nomograms. The reference ranges found by Sherer et et al. [9] are quite similar to those found in the study of Hata et et al. [26] up until 32 weeks of gestation, and the reference ranges found by Sherer et al. in the following weeks are systematically higher. They attributed this difference to the resolution quality which has been improved during the two decades between two studies. [9] When Abonyi et al. also noticed the difference in reference ranges after 30-32 weeks of gestation, they argued that it was caused by the different populations rather than technological improvement. [27] In general, the reference ranges in our study show similarity with the values found by Sherer et al. during entire pregnancy period.
Parikh et al. showed in the study published in 2014 that a single fetal growth curve could not be applied to all ethnic groups.
[28] Therefore, we established FNC and FNA nomograms for Turkish population and showed that these measurements are in high conformity with fetal gestational age and this measurement technique is highly reproducible (the intraclass correlation coefficient for FNC and FNA was 0.91 and 0.89, respectively; p<0.01).
Conclusion
With this study, we managed to establish nomograms in Turkish population in terms of FNC and FNA for the second and third months of pregnancy, and we believe that these measurements could be a significant predictor for the determination of weeks of gestation.
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